The sensitivity and reproducibility of the radioenzymatic adenylylating assay for spectinomycin were improved by modifications of the assay procedure and by partial purification of the enzyme. The presence of Bacillus subtilis ribosomes or S-150 fraction in the enzymatic reaction mixture interfered with the ability to measure spectinomycin by this method.
Enzymes which modify and inactivate aminoglycoside antibiotics have been isolated from many R-factor-containing, antibiotic-resistant strains of bacteria. Procedures have been developed which utilize these enzymes to assay for specific aminoglycoside antibiotics in clinical samples (7) . It has also been suggested (1, 4) that these radioenzymatic assays may be useful in biochemical studies on aminoglycoside antibiotics, particularly since many aminoglycosides are not readily available in radioisotopically labeled forn.
Since the target site of many aminoglycosides is the bacterial ribosome, it would be of interest to determine if the radioenzymatic assay can be used to measure the amount of an aminoglycoside bound to ribosomes. We have used a radioenzymatic adenylylating assay for spectinomycin and attempted to apply it to the measurement of the amount of spectinomycin bound to Bacillus subtilis ribosomes. This report de- scribes some modifications made in the assay procedure which increase its sensitivity and reproducibility and examines the effect of B. subtilis ribosomes on the ability to quantitate spectinomycin by the radioenzymatic adenylylating assay.
MATERIALS AND METHODS
Bacterial strains. Escherichia coli NR 73/w677 was a gift from Julian Davies. B. subtilis 168 is a wildtype, spectinomycin-susceptible strain.
Preparation of streptomycin-spectinomycin adenylyltransferase. E. coli NR 73/w677 was grown and osmotically shocked by the method of Benveniste et al. (1) . Partial purification of the enzyme, contained in the "osmotic shockate," was performed by the methods of these authors (1) 3 by 25 cm, previously equilibrated with buffer A. The enzyme was eluted with a linear gradient of NaCl from 0.05 M (600 ml) to 0.3 M (600 ml) in buffer A. Column fractions were assayed for adenylylation activity in the presence and absence of spectinomycin. The enzyme eluted at 0.18 M NaCl. Peak fractions were pooled, concentrated with a Diaflo ultrafiltration apparatus using a PM-10 filter (Amicon Corp.), dialyzed against buffer A, and stored at -70°C. The final activity of the enzyme preparation was 10'-units/ml, (For determinations of enzyme activity, or measurements of larger amounts of spectinomycin, the amounts of spectinomycin, enzyme, and ATP were adjusted as necessary.) These components were mixed in glass test tubes (12 by 75 mm) and incubated at 30°C. At appropriate times, 20-or 40-1l samples were withdrawn and spotted onto 1.5-cm2 pieces of phosphocellulose paper (Whatman P-81), which had been soaked in 20 mM adenosine and dried overnight in a vacuum oven at 80°C. Filters were stored in a vacuum desiccator until use. After the sample was applied, the filters were allowed to dry for 2 to 5 min and then were 168 on November 1, 2017 by guest http://aac.asm.org/ Downloaded from RADIOENZYMATIC ASSAY FOR SPECTINOMYCIN 169 dropped into 200 to 300 ml of distilled water, swirled gently, and allowed to stand for 2 min. The water was decanted, and the washing procedure was repeated two more times. In experiments involving measurements of enzyme kinetics, the reaction was stopped by carrying out the first wash in distilled water at 900C.
After being washed, the filters were dried and then counted in a Tri-Carb liquid scintillation counter (Packard Instruments), using a toluene-based fluid.
Preparation ofB subtilis ribosomes. Cells were grown in antibiotic medium 3 (Difco) to mid-log phase, poured over ice, and harvested by centrifugation. Ribosomes were isolated and salt washed with 0.5 M NH4Cl by the methods of Legault-Demare and Chambliss (6), except that the first pelleting of ribosomes was done through a cushion of 30% sucrose in buffer L Ribosome pellets were resuspended by gentle stirring in the cold for 2 to 3 h. Ribosome suspensions were stored at -70°C. One absorbancy unit at 260 nm equals 25 pmol of 70S ribosomes. The supernatant solution from a 3-h, 150,000 x g centrifugation of a ribosome suspension is referred to as the S-150 fraction. The effect of ribdsomes or the S-150 fraction on the spectinomycin assay was determined by setting up reaction mixtures containing known amounts of spectinomycin in buffer, in a ribosome suspension, or in the S-150 fraction and carrying out the enzyme reaction as described above. Spectinomycin sulfate (654 ,ug/mg) was a gift from G. Whitfield, The Upjohn Co.
RESULTS AND DISCUSSION
This assay used the enzyme streptomycinspectinomycin adenylyltransferase, isolated from an R-factor-containing, streptomycin-and spectinomycin-resistant strain of E. coli (NR 73/w677) (1). The enzyme catalyzes the formation of biologically inactive spectinomycin or streptomycin adenylate from antibiotic and ATP. The extent of the reaction can be measured by using radioactively labeled ATP as cofactor, in a phosphocellulose paper binding assay (2, 7). Since spectinomycin binds tightly to phosphocellulose paper, the amount of radioactivity bound to the filter paper is proportional to the amount of spectinomycin in the reaction mixture.
The reproducibility and seDtivitv of the spetinomycin assay have boen improved by soaking the phosphocellulose tilter squares in adenosine and then drying them under standardized conditions (800C, under vacuum, overnight). The efficiency of binding of the spectinomycin adenylate to the filters appears to be increased by the drying process, since identical samples give a much higher number of filterbound counts when applied to a dried filter than when applied to an undried filter. The nonspecific binding of ['4C] ATP to the filter is not increased by the drying treatment. The binding of spectinomycin adenylate to the filters is also sensitive to variations in the washing procedure used after the smples are applied to the filters. Significant differences in the final number of filter-bound counts can be caused by differences in the amount of agitation used during the washing procedure or the length of time that the filters are soaked. By standardizing the filter drying and washing procedures, the degree of variability in the assay can be reduced.
Streptomycin-spectinomycin adenylyltransferase is isolated from E. coli by an osmotic shock procedure, and it has been suggested (1) that the osmotic shockate is an adequate source of enzyme for the radioenzymatic assay, without further purification. In our hands, however, the crude osmotic shockate has a significant spectinomycin-independent activity which results in radioactivity bound to the filters (Fig. 1) . Up to 75% as much radioactivity is bound to the filter paper in the absence of spectinomycin as in its presence. When the enzyme is partially purified, the spectinomycin-independent activity remains associated with the enzyme at all stages prior to the diethylaminoethyl-cellulose column. When the enzyme peak fractions from the diethylaminoethyl-cellulose column were pooled and assayed, control reactions carried out in the absence of spectinomycin gave essentially the same low background counts as control reactions°s (5, 8) . These problems have been overcome by a partial purification of the gentamicin adenylyltransferase enzyme (3) .
Using the partially purified enzyme and the standardized filter drying and washing procedures mentioned above, it is possible to construct a standard curve correlating filter-bound radioactivity with the amount of spectinomycin present in a reaction mixture. A typical standard curve is illustrated in Fig. 2 .
To evaluate the utility of this assay for quantitating the amount of spectinomycin bound to ribosomes from spectinomycin-susceptible and spectinomycin-resistant B. subtilis, we have measured the effect of the presence of ribosomes on the ability to carry out an assay of a known amount of spectinomycin. When 0.3 nmol of spectinomycin was assayed (as described in Materials and Methods) in the presence of 0.3 nmol of ribosomes from a spectinomycin-susceptible strain, the filter-bound radioactivity corre-assay would appear to eliminate that possibility. Whatever the mechanism of interference with assay, it would seem that the radioenzymatic assay for spectinomycin cannot readily be applied to measuring the binding of the antibiotic to B. subtilis ribosomes. These results should indicate the need for caution in using the radioenzymatic adenylylating assay for spectinomycin to measure the amounts of antibiotic associated with complex biological structures. Apparent differences in amounts of antibiotic may reflect only different degrees of interference with the operation of the assay itself.
